ABSTRACT The protein content of tracheal secretions and of bronchial lavage and bronchoalveolar lavage fluid was compared with that of sputum in 33 patients who underwent fibreoptic bronchoscopy. The secretion-to-serum concentration ratios for albumin, a,-antitrypsin, a,-antichymotrypsin, and immunoglobulin A (IgA) fell progressively as samples were obtained from further down the bronchial tree, probably reflecting greater sample dilution. The secretion-toserum protein ratios when standardised for the corresponding albumin ratio were similar in all secretions studied. In particular, the IgA ratios were about eight times those of albumin and a,-antichymotrypsin ratios were about twice those of albumin, suggesting similar degrees of "local production" of these proteins in all secretions studied. Some patients showed considerable differences in IgA ratios between sputum and bronchial lavage fluid. The significance of these differences is not clear.
the protein composition of sputum with that of secretions obtained from different areas of the bronchial tree during fibreoptic bronchoscopy.
Methods
Thirty-three patients (eight female) were studied. The average age was 62 years (range 29 to 77 years) and most (28) had chronic cough and sputum production with irreversible airflow obstruction (mean forced expiratory ratio (FEVI/FVC) 58*9%, SD + 12%). The patients underwent fibreoptic bronchoscopy for a variety of reasons-15 patients had pulmonary neoplasia, 14 unexplained haemoptysis, and four interstitial lung disease.
Fibreoptic bronchoscopy was performed after premedication with intramuscular atropine 0-6 mg and intravenous diazepam 10 mg. The bronchoscope was passed transnasally after local anaesthesia with lignocaine and passed between the vocal cords after spraying them with two 2-ml aliquots of 4% lignocaine solution.
tion. Samples were centrifuged at 54 000 g for 90 minutes to obtain the sol phase, which was stored at -70°C with a corresponding serum sample until analysis.
Tracheal secretions These were obtained from 23 patients and consisted of all secretions aspirated into a sterile trap from the vocal cords to the carina as the bronchoscope was advanced.
Bronchial lavage fluid This consisted of secretions aspirated from either the right or the left main bronchus after the instillation of 5-10 ml of sterile normal saline. The procedure was performed on 10 patients.
Bronchoalveolar lavage fluids The bronchoscope was gently wedged in a segmental or subsegmental bronchus of either the right middle lobe or the lingula in 31 of the patients. Aliquots of 20 ml of sterile normal saline were instilled and then gently aspirated into a sterile trap. The procedure was repeated until 60-120 ml had been instilled. The individual secretion-to-serum albumin concentration ratios for each sample are shown in figure 1.
The range was wide in all secretions studied (median values, with ranges, are given in table 1).
There was a progressive decrease in the values the more peripherally the secretions were obtained from the bronchial tree. This is emphasised in figure 2 , which shows the albumin results for three secretions obtained from the same nine patients. Similar results were found for secretion-to-serum a1 -antitrypsin, a1-antichymotrypsin, and IgA concentration ratios (table 1) .
"Standardisation" of the protein secretion-toserum ratios for albumin (that is, division by the antichymotrypsin ( = 2) usually had a greater ratio than did albumin (table 1) . Median results (with ranges) for paired samples (that is, secretions obtained from the same patients) are shown in table 2. The median results were similar to those obtained from the whole group of patients. Secretion-to-serum albumin ratios in sputum were significantly higher than those in tracheal secretions (2p < 0.01), which in turn were higher than those in bronchoalveolar lavage fluid (2p < 0.001). There were no significant differences between the "corrected" ratios of a,-antitrypsin, IgA "corrected" 
Discussion
The study of the protein content of lung secretions may provide clues to the pathogenesis of emphysema4 and the adult respiratory distress syndromes and help in the diagnosis of lung cancer.68 Sputum is readily obtained from patients but is a mixture of secretions from all regions of the lung and nasopharynx. Furthermore, it is frequently contaminated with saliva to a variable extent, although the effect may be largely dilutional'; and it is not certain how representative sputum is of events in the more distal parts of the lung.
The sol-phase proteins albumin and a,-antitrypsin are both thought to enter the lung secretions by simple diffusion from the serum and their secretion-toserum ratios are similar in sputum' and bronchoalveolar lavage fluid.3 IgA is produced locally within the lung and this is reflected in higher concentrations in sputum9 and bronchoalveolar lavage fluid3 8 l0 than could be predicted on the basis of diffusion alone. But although local production of a,-antichymotrypsin is found in the sol phase of sputum of patients with chronic obstructive bronchitis' 2 Tegner failed to confirm it in bronchial lavage fluid from normal subjects." The present study was designed to assess the relative amounts of locally produced IgA and a,-antichymotrypsin in secretions from various parts of the bronchial tree to determine whether sputum is representative of other secretions in this respect.
The secretion-to-serum concentration ratios for all proteins became progressively lower from sputum to bronchoalveolar lavage fluid. This effect is likely to be caused by the progressive dilution of the secretions. The tracheal secretions were diluted by variable amounts of the lignocaine used to anaesthetise the vocal cords. Bronchial lavage samples were further diluted by lignocaine and by the normal saline used during the lavage procedure. Finally, bronchoalveolar lavage fluids were greatly diluted by 60-120 ml saline. To overcome this uncertain dilutional element, it is conventional to "standardise" the secretion by comparison with the albumin concentration. Albumin is thought to enter lung secretions by simple diffusion from serum. A protein which is either "locally produced" or preferentially concentrated within a lung secretion will be present in a greater concentration relative to albumin than in the corresponding serum.' This simple technique for recognising local production can produce anomalous results when proteins of larger molecular size than albumin are studied, particularly in the presence of lung inflammation,9 which affects the permeability of the surface epithelium of the bronchial mucosa. It remains, however, a useful method for comparing different secretions in the same patient, since the relative protein concentrations should be similar unless the proportions of proteins produced locally or the degree of inflammation in various parts of the bronchial tree are also different.
The albumin and aC-antitrypsin secretion-toserum concentration ratios were similar in each secretion studied, confirming that the two proteins are behaving in the same way throughout the lung, entering all secretions by simple diffusion from serum. The IgA ratios were greater than albumin in all secretions studied, reflecting "local production" throughout the bronchial tree 12-14 times greater than albumin in normal subjects, although less (8-10 times the albumin ratio) in patients with a variety of intrathoracic lesions (either minimal lung parenchymal lesions located in an upper lobe or asymmetrical mediastinal enlargement). This difference might be interpreted as reflecting reduced "local" IgA production in the patients of the present study and that of Reynolds and Newball. Patients from both these studies are likely, however, to have had some degree of bronchial inflammation compared with normal subjects and this may give the impression of less "local" IgA production where it is normal.9 The more complex techniques recently described by Stockley et all '4 may overcome this problem.
Our study confirms comparable "local production" of a,-antichymotrypsin in both sputum and other lung secretions. This protein is an inhibitor of proteolytic enzymes and may protect tissues from damage by leucocyte cationic proteases.15 The results are at variance with those of Tegner," who found no evidence for local production of a,-antichymotrypsin in bronchial lavage fluid of normal subjects. For reasons discussed previously,2 however, the results of Tegner are difficult to interpret in the absence of paired serum samples and they were from normal subjects, who may differ in this respect from patients with bronchitis. Only five of our subjects did not have chronic cough with sputum production and their results were not clearly different from the remaining 28 patients. The problem therefore remains unresolved and will require further studies.
In the present study centrifugation at 54 000 g for 90 minutes was used to obtain the sol phase, which contains the freely diffusable proteins, from the sputum samples and also to remove debris from the other secretions studied. This speed was chosen to enable comparison with our previous studies on lung secretions.'24914 There is no standard method of preparation of lung secretions for immunological analysis, although other workers, using a variety of centrifugation techniques,3 81012 have obtained results in general agreement with those presented in the present paper. We consider that variations in centrifugation are unlikely to influence the results.
The IgA-to-albumin and a,-antichymotrypsinto-albumin ratios in tracheal suckings were similar to the values obtained in sputum from the same individuals. In this respect the secretions are biochemically comparable despite the presence of saliva and nasopharyngeal secretions in sputum. Secretion-to-serum ratios ("corrected" for albumin) in sputum were comparable to the values obtained in bronchoalveolar lavage fluid when the grouped data are considered. When matched samples from
